For a given Hamiltonian one can estimate p 0 based on the picture in Fig. 1(b) . For example, in the case of TISS (N = 0) it is given by p 0 = 1, (I.1) based on a following type of Hamiltonian
Heren is an outward normal vector from the surface, ⃗ σ is a vector of the Pauli spin matrices, v 0 is the Fermi velocity. For the channel with Rashba SOC (E ≥ 0), it is given by
with the following Hamiltonian
The polarization direction of spin in TISS and Rashba is determined byŝ = sign( v 0 )Î ×n withn being an outward normal vector andÎ being a charge current direction so that we have ±ẑ = ±x ×ŷ polarized spin in the structure of Fig. S1 .
II. CURRENTS AND VOLTAGES

This section outlines how Eq. (33) in the main manuscript was derived for the 2D channel with spin-orbit coupling (SOC).
A. Charge Current
The semiclassical expression for charge current in the channel is given by
) is the Fermi function. Under the linear response approximation (see Eq. (31) in the main manuscript) for the Fermi function: 
where µ eq is the equilibrium electrochemical potential. Under this approximation Eq. (II.1) becomes
which gives Eq. (12) and first line of Eq. (33) in the main manuscript, where we defined
B. Spin Voltage
The spin voltage in the channel is given by 
C. Spin Current
The definition of spin current in the channel based on our four electrochemical potentials (see Fig. 1 (b) in main manuscript) is straightforward and includes both equilibrium and non-equilibrium conditions.
(II.6) Under the linear response approximation (Eq.(II.2)), we can write Eq.(II.6) as 
D. Charge Voltage
The charge voltage in the channel is given by
The fourth line of Eq.(33) in the main manuscript is given in terms ofμ as
Note that the equilibrium part in charge voltage gives a constant shift which cancels out in our model as we take the difference of charge voltages across the channel.
E. Derivation of Eq. (34)
Differentiating Eq. (33) in the main manuscript with respect to x and combining it with Eq. (32) in the main manuscript gives
(II.9) Inverting Eq. (33) in the main manuscript gives 
